INTRODUCTION
The mechanisms that induce the rupture of the chorioamniotic membranes, either in normal or pathological conditions, are not completely known [1] . The traditional opinion attributes rupture to mechanical factors such as repeated uterine contractions throughout labor, iatrogenic rupture during an amniocentesis, or as a consequence of infections, among other factors. A more contemporary view is that this phenomenon is considerably more complex and involves many cellular and biochemical processes previously not considered [2] . Within these events, it is clear that the activity of the matrix metalloproteinases (MMPs) is increased in the chorioamniotic membranes of a pregnancy at term or is affected by preterm rupture of membranes (PROM); therefore, the quantity of collagen and other components of the extracellular matrix decreases rapidly in the last hours of gestation [3] . As a consequence of the activation of this enzymatic process, there are very noticeable morphological changes in the region adjacent to the rupture site, especially so in amnion, where apoptosis and collagen fiber network degradation can be seen in the compact layer and in the fibroblast and spongy layers [4, 5] . The localization of these events of normal rupture has focused interest on the cells located in the maternal-fetal interface in the chorioamniotic membranes and the decidua, and on their roles in the synthesis and regulation of the biochemical mediators that trigger rupture. These mediators include prostaglandins, cytokines, and some hormones that regulate, among other effects, the expression and activity of the enzymes that degrade the extracellular matrix of the membranes. Additionally, there is evidence that the same mediators are elicited by the presence of maternal genital tract infections [6] and perhaps stress and environmental factors [7] . Collectively these mediators constitute a highly compartmentalized choriodecidual inflammatory microenvironment. This network of signaling is triggered in a specific sequence that allows a rapid amplification of the action of the final effectors in close association with the development of labor.
In this report, we will provide an overview of the inflammatory milieu present in the choriodecidua at membrane rupture, describe the recruitment and homing of leukocytes to the intrauterine tissues, and detail specific actions of the key chemokines released by the choriodecidual cells. Last, we will integrate these concepts into a conceptual framework of the choriodecidual microenvironment at rupture.
THE INFLAMMATORY MICROENVIRONMENT
Several studies have shown that leukocytes infiltrate uterine tissues at or around the time of parturition under normal, noninfectious conditions, resembling sterile inflammation [8] .
In the myometrium there is a massive influx of macrophages, neutrophils, and T cells coincident with the onset of labor at term [9] . Although neutrophils and macrophages appear to infiltrate the uterine cervix, the timing of this event differs from that in the myometrium. In the cervix, leukocytic infiltration occurs prior to the onset of labor at term, with no further influx of inflammatory cells demonstrated following the onset of labor [10] . An influx of inflammatory cells has also been observed in decidua after the onset of labor [11] . There are two distinct regions of direct contact between the maternal decidua and tissues of fetal origin: between the maternal decidua basalis and the invading interstitial trophoblasts, and between the tissue lining the remainder of the maternal uterine cavity, the decidua parietalis, and the fetal membranes. This latter region of direct contact is identified as the choriodecidual interface, or more simply, the choriodecidua. We will focus our attention on the choriodecidua; because of its proximity to the cervix, it has more activated leukocytes than the decidua basalis, and their products are likely participating in the rupture of the fetal membranes during labor at term [12] .
The choriodecidua is enriched by cells from various origins during labor; however, the nature of infiltrated leukocytes has not been completely characterized, though it is known that some are leukocytes extravasated from the local circulation [13] . We do not know if leukocyte infiltration to the reproductive tissues during labor is an epiphenomenon or if it is related to the triggering of some of the events of normal labor; the available evidence points to the latter. At least in fetal membranes, the timing of the arrival of leukocytes is coincident with active labor, and it is linked to the expression of chemoattractant factors selectively secreted by the amniochorion [14] . Moreover, recent data from our working group have shown that the phenotype of the leukocytes in the choriodecidual microenvironment changes during labor at term, making leukocyte recruitment a highly specific process. T cells and monocytes increased significantly in the microenvironment surrounding the fetal membranes at term during labor. In addition, we demonstrated that these T cells expressed MMP9 and increased the amount of interleukin 1 beta (IL1B) [15] . These data lend further support to the hypothesis that labor is an inflammatory response, wherein the infiltrated leukocytes in the choriodecidua of fetal membranes could be contributing to create a microenvironment leading to collagenolysis, which would promote the rupture of these tissues during labor.
Evidence of the potential biological role of the invading leukocytes comes from several studies indicating that at the choriodecidual microenvironment, where maternal and fetal tissues make contact, a network of signals is established during labor that includes secretion of proinflammatory cytokines such as tumor necrosis factor alpha (TNF), IL1B, IL6, IL8 (CXCL8), and sTNFRs (TNF-soluble receptors) [16] . These compounds are considered primary signals that elicit secondary secretion of mediators by local cellular groups [17] . For example, IL1B and TNF induce the production of prostaglandins [18] and MMPs, including the 92-kDa type IV collagenase (MMP9), 72-kDa type IV collagenase (MMP2), interstitial collagenase (MMP1), polymorphonuclear collagenase (MMP8), and stromelysin (MMP3), which in turn are able to degrade the main extracellular matrix components of the membranes and induce their rupture [19] .
Considering that many cell types synthesize the inflammatory mediators and the MMPs, it becomes difficult to identify accurately their origin during normal labor and during the pathological or idiopathic rupture of the membranes. Initial studies indicated that resident cells in the chorioamniotic membranes were responsible for the production of these mediators. At a local level, the amnion, chorion, trophoblasts, and decidual cells are capable of producing proinflammatory cytokines and MMPs in the presence of bacterial products and also in cases without infection [3, 17, 20] . However, in recent studies in which the origins of MMPs and proinflammatory cytokines were identified more accurately in the placenta, it was apparent that the main source of these mediators, at least in the absence of infection, was the infiltrated leukocytes present in the placenta and not the local cells, as it was believed previously [15] . There is evidence that the arrival of leukocytes such as neutrophils, macrophages, monocytes, and T and B lymphocytes to the choriodecidua immediately before the beginning of labor coincides with the increase in the levels of cytokines IL1B, IL6, IL8, and TNF, leading to the establishment of the inflammatory microenvironment during labor [9, 13, 21] .
RECRUITMENT AND HOMING
Leukocyte recruitment from the intravascular space to the inflammation site depends on two processes. First is the secretion of chemokines, a family of low-molecular-weight cytokines, which exert chemotactic action on leukocytes and promote their activation [22] . The second mechanism results in the selective expression of cell adhesion molecules (CAMs) that hold the attracted cells in the tissue [23] . No information on CAM expression is available for the fetal membranes during labor; however, some evidence that reproductive tissues switch the pattern of expression of these molecules has been found [24, 25] .
Because chemokines are synthesized and secreted by many cell types, including monocytes, macrophages, endothelial cells, and lymphocytes, studies have addressed quantifying them in gestational tissues, cervicovaginal secretions, and amniotic fluid. Most emphasis has been on the importance of IL8, CCL3 (MIP-1a, macrophage inflammatory protein alpha), CCL2 (MCP-1, monocyte chemotactic protein), and CCL5 (RANTES, regulated upon activation, normal T cell, expressed and secreted) as the most relevant chemokines throughout pregnancy. It is proposed that they act as early mediators of the inflammatory response and are accountable for the attraction and activation of different effector immune system cells in the choriodecidual and intrauterine environments [26] [27] [28] . However, recently the increase of transcripts of other chemokines has been described at the end of pregnancy, including CCL13 (MCP-4), CCL19 (ELC, Epstein-Barr-virus-induced receptor ligand chemokine), CCL21 (SLC, secondary lymphoid tissue chemokine), and others that increase just at labor such as CXCL10 (IP-10, interferon inducible protein), CCL2, CCL8 (MCP-2), CCL3, and CCL13 (MCP-4) [14, 29] . Direct evidence of the presence of these chemokines in the fetal 810 membranes was provided by our group [14] . We demonstrated that soluble products present in the fetal membranes of women who experience spontaneous labor induce selective chemotaxis of leukocyte subpopulations in vitro. Although fetal membrane extracts obtained from women who did not experience labor also exhibited chemotactic activity, extracts from women who underwent labor had higher chemotactic activity and exhibited selective chemotaxis for monocytes and T lymphocytes. This chemotactic activity was associated with the presence of chemokines (IL8, CCL2, CCL3, and CXCL10) and cytokines (IL1B and TNF) [14] .
SPECIFIC ACTIONS OF KEY CHEMOKINES
A strong body of evidence supports the role of infection in the development of PROM and/or preterm labor [1, 6] , where the inflammatory mediators resulting from the interaction between the innate immune system of the mother and the invading microorganism constitute a direct link between both processes. The role of chemokines in human pregnancy and in labor has been documented mainly in the presence of infection. In infections caused by group B Streptococcus, secretion of chemokines and proinflammatory cytokines by the choriodecidual resident cells at the site of infection has been demonstrated [26] . It is postulated that in the course of this inflammatory response, the arachidonic acid and cyclooxygenase-derived metabolites present in macrophages and other migrating cells located in the amnion, chorion, and decidua are released, diffuse in a paracrine fashion to adjacent cells, and exert uterotonic effects and cervical changes [17, 18, 20, 27, 30] . Anatomical proximity between the fetal membranes and the myometrium makes feasible these secondary effects. For this reason, the production of chemokines may represent the first biochemical link between bacterial infection, cervical changes, and chorioamniotic membrane structural modifications.
INTERLEUKIN-8/CXCL8
IL8 is a potent chemotactic and neutrophil-activating factor first described in the 1980s [31] . This chemokine is part of the response elicited in the host against a microbial invasion, which is why it is thought that IL8 is responsible for the neutrophil recruitment to the chorioamniotic membranes and the placenta during the development of an intrauterine infection [32] . Interestingly, during labor without infection it increases significantly, which coincides with cervical dilation [33] . The levels of IL8 in amniotic fluid are considerably increased in women with preterm and term labor compared to women without labor [16, 34, 35] . In addition, it is known that in patients with preterm labor associated with PROM, the concentration of this chemokine increases compared to when PROM occurs at the end of pregnancy, which suggests possible differences in the mechanisms of PROM at term and preterm [36] .
The human cervix is able to produce large amounts of IL8 in vitro, and this secretion can be influenced by steroid hormones, which is why it is believed that it may play an essential role in cervical dilation [37] . However, it has not been associated with cervical ripening [38, 39] . Other findings suggest that in normal labor there is a significant expression of IL8 mRNA in cervix and myometrium, which coincides with the appearance of a leukocyte infiltration, predominantly of neutrophils and macrophages [13, 40] . Importantly, it is believed that neutrophil infiltration in the cervical stroma and in the lower segment of the uterus participates in the release of MMP8 and MMP9, enzymes that could play critical roles in cervical dilation [41] . IL8 is a normal component of cervical mucus; it decreases after menopause and increases considerably during pregnancy and even more after the 38th week of gestation and throughout labor [42] . In addition to this, it is known that the concentration of IL8 in cervical mucus is significantly higher in women who develop preterm labor [43] , and it may be a prognostic marker of preterm birth and PROM [44] .
During labor, IL8 mRNA expression in the chorioamniotic membranes increases, and even though the choriodecidua produces greater amounts of this chemokine than the amnion [13, 45] , the amnion is the source of the IL8 found in amniotic fluid [46] . The choriodecidua obtained from term pregnancies (with or without labor) produces more IL8 than the choriodecidua from preterm tissues, and when chorioamnionitis is present, IL8 is produced as an early event that precedes the appearance of clinical symptoms [28, 47] .
The production of IL8 by gestational tissues is induced by cytokines such as IL1B and TNF [48] . Because the synthesis of IL8 in chorion and decidua is stimulated by IL1B, a hypothesis has been proposed suggesting that a positive feed-forward network of cytokines could contribute in a synchronized and/or enhanced manner to the development of the clinical manifestations that are seen in intrauterine infections and that can also lead to preterm birth [49] . In addition to the fact that IL8 is regulated by IL1B, IL8 enhances the myometrial uterine contractions induced by IL1B through prostaglandin E 2 at the time of labor and increases the expression of transforming growth factor alpha (TGFA) receptors in the myometrium [50, 51] . TGFB1 displays its highest levels during labor [52] , and it is possible that the control of the TGFA pathway in term myometrium promotes the transition of a resting uterus to a uterus in a contractile state [29] . It is thought that the main effect of IL8 is to maintain a sustained flow of neutrophils to the inflamed tissues and perpetuate the inflammatory response, thereby contributing to the production of prostaglandins as secondary mediators (Fig. 1) [49, 53] .
MACROPHAGE INFLAMMATORY PROTEIN-1 ALPHA/CCL3
The chemokine CCL3 attracts lymphocytes, monocytes, eosinophils, neutrophils, and basophils [54] . It is produced by macrophages in response to bacterial products [55] , induces the release of histamine from basophils and mast cells [56] , and increases the production of TNF, IL1B, and IL6 [57] . In amniotic fluid of women in labor, the CCL3 concentration is significantly higher than in women without labor, and it is particularly high when infection is present [58] . In addition, its increase correlates with IL8 concentrations, cervical dilation, and the number of leukocytes in term labor. These are the reasons why CCL3 could play an important role in the recruitment of leukocytes in the amniotic cavity during an intrauterine infection and may be related to labor initiation [59] .
Group B Streptococcus and its purified products can stimulate CCL3 production in chorioamniotic membranes. It is suggested that amnion and decidual cells produce this chemokine to attract various inflammatory cells that lead to the pathophysiology of preterm labor promoted by infection [26, 60] .
MACROPHAGE INFLAMMATORY PROTEIN-3 ALPHA/CCL20
CCL20 (MIP-3a) participates in the functions of the immature dendritic cell and T and B cell chemotaxis and is constitutive in amniotic fluid. The levels of this chemokine THE ROLE OF CHEMOKINES DURING LABOR increase near term and during spontaneous labor (term and preterm), which suggests that CCL20 is associated with a common pathway in human labor. Patients with intra-amniotic infections also have dramatic increases of this chemokine [61] .
MONOCYTE CHEMOTACTIC PROTEINS
The renamed CCL2, previously known as MCF/MCAF (monocyte chemotactic and activator factor), is a chemokine that attracts mainly monocytes and activates them in a different fashion from the mechanisms for interferon and other cytokines. The treatment of first-trimester decidual cells with IL1B induces secretion of monocyte/macrophage-recruiting chemokines and promotes monocyte migration [62] [63] [64] . CCL2 is considered to be a chemokine with pleiotropic effects, especially one that can contribute considerably to the development of fibrotic conditions [65] . While it is also a physiological constituent of amniotic fluid, its levels increase during both spontaneous term labor and preterm labor, thereby supporting the hypothesis that CCL2 plays a role in the final common pathway of spontaneous labor [66] . In pathological conditions such as preterm labor and PROM, the concentration of CCL2 in amniotic and cervical fluid is high [67, 68] . Its presence has also been confirmed in myometrium and endometrium in preterm labor [69] , correlating with intraamniotic infection and inflammation [67, 68] .
The presence of CCL8 and CCL7 (MCP-3) in amniotic fluid in women with preterm labor is associated with preterm birth before 34 wk of gestation with microbial invasion and amniotic cavity inflammation. Appreciating the changes in expression of chemokines contributes to our understanding of their roles during the inflammatory response that is associated with spontaneous preterm labor [70] .
REGULATED UPON ACTIVATION, NORMAL T CELL, EXPRESSED, AND SECRETED/CCL5
CCL5 is a potent chemotactic agent and an activator of monocytes, T lymphocytes, basophils, and eosinophils. It participates in the adhesion and transmigration of T cells to the endothelium and is produced by T cells, macrophages, endothelial cells, and gestational tissues [71] . It is present in amniotic fluid, where its concentration decreases as pregnancy advances, but then increases during labor and in microbial invasions of the amniotic cavity [72] .
OTHER CHEMOKINES
A potent neutrophil chemoattractant, CXCL6 (GCP-2, granulocyte vhemotactic protein-2), is present in amniotic fluid, and its concentration increases with gestational age. Elevated concentrations are also associated with intra-amniotic infections, which suggests it plays a role in the immune responses of the amniotic cavity. However, it does not seem to be involved in spontaneous term labor [73] .
Directing leukocyte migration, especially activated T lymphocytes, to the inflammation sites is CXCL11 (ITAC, interferon-inducible T-cell alpha chemoattractant). It has been observed that both CXCL11 and ADAM8 (a disintegrin and metalloproteinase-8 domain, also referred to as MS2/CD156a) are increased in amniotic fluid during the second trimester in women who subsequently developed preterm labor [74] .
CXCL13 (BCA-1, B-lymphocyte chemoattractant) attracts T and B lymphocytes to the areas of inflammation and infection, and it has been reported that it increases dramatically in amniotic fluid in cases of intra-amniotic infection. However, and in contrast with other cytokines, CXCL13 does not increase in serum or in amniotic fluid in cases of spontaneous labor [75] .
In the same fashion, concentrations of other cytokines such as CXCL1 (GRO-a, growth regulated oncogene-alpha) and IL16 in amniotic fluid apparently do not increase at the time of labor [76, 77] , but their roles, as that of the majority of chemokines, have not been studied in gestational tissues.
The available information described here indicates that many chemokines are expressed before and during labor, as well as during various pathological conditions in reproductive tissues, such as infection, preterm labor, and PROM, suggesting that they play important roles in the events of cervical dilation and the rupture of chorioamniotic membranes, as well as in cervical and lower uterine segment remodeling during pregnancy. Even though we do not know the totality of biochemical signals that integrate the molecular dialogue between leukocytes and the individual gestational tissues, it is becoming increasingly evident that this microenvironment is characterized, at least in part, by the differential expression and secretion of chemokines. Therefore, chemokines should be considered important regulatory molecules with the ability to potentially initiate the events that characterize normal and pathological labor.
CONCEPTUAL FRAMEWORK
A conceptual framework of interaction between chemokines, cytokines, and effector mediators during membrane rupture and cervical dilatation is described in Figure 1 . Several specific chemokines, including IL8, CCL3, CCL2, and CXCL10, are mainly produced by the choriodecidua and amnion once labor has started under an unknown triggering mechanism. These chemokines are able to recruit various subpopulations of leukocytes to the reproductive tissues and, together with local cells, they secrete a primary wave of cytokines and MMPs, among other active compounds. The cytokines, particularly TNF, IL1B, and IL6, act as the primary signaling network that stimulates the expression of additional degrees of effector molecules such as prostaglandins and MMPs, as well as further chemokine and cytokine production. Together these effects create an amplification cascade mechanism that is elicited in a few hours and results in the coordinated activation of reproductive tissues, leading to normal delivery at term. We accept that these events are elicited in a coordinated and synchronized sequence in normal term pregnancy, resulting in myometrial contractions, cervical ripening, and rupture of the fetal membranes. Any pathological condition (such as infection) during pregnancy may stimulate one or all of the pathways, resulting in uterine tissue activation that may lead to the asynchronous activation of the myometrium, cervix, decidua, or fetal membranes and may, therefore, explain the initiation of preterm birth. These conditions are clearly reflected in the clinical setting since preterm labor represents the primary activation of the myometrium, cervical incompetence reflects abnormal activation of the cervical ripening, and premature rupture of the membranes is a condition in which membranes are ruptured in the absence of labor.
Further research in the field of chemokine biology in reproductive tissues during pregnancy will provide another step to understanding how labor is initiated.
